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EOUNDS ON THE WEAK MESON-NUCLEON COUPLINGS FROM PARITY VIOLATING EFFECTS
IN NONLEPTQ!TC NUCLEAR PROCESSES

J. D, Bowman, B, F. Gibson, and P, Herczeg
Meson Physics and Theoretical Divisions, LASL, Los Alamos, NM, USA.

E- M. "(‘lllcy
University of Washington, Seattle, Washington, USA.

Abstract

The implications of the existing experimental and theoretical
infermation on the p,v. meson~nuclcon coupling constants are investigated.

Parity-violating effects have been observed in numcrous nonlep-
tonic nuclear processes. It is generally belicved that they are manifes-
tations of the first-order AS = 0 nonleptonic weak interactions, expected
in modern theories of the weak interactions., Thelr dominant effect in
nuclear systems is a p.v. contribution to the NN interaction., It is ex-
pected (with reservatlons for possibly lmportant contributions from two
pion-exchange) that for low=-en.- py processes the latter can be well rep-
resented by a potential stcmming from the cxchange of single pseudo-
scalar and vector mesons: the md, p*»? and the w., Apart from the 5
strong couplinn constants (§pNNs BoNN® _Hps BuNN and J, ), this potential
contdins T affective coupling constantsl)| which we shall denote py,

Pi1, p . p§ Wo, w; and fy, describing (in unilts of 10~6 ) the p.v. NNM
vertices? The p.v. coupllng constants, through which the p.v.
Hamiltonlan enters are the quantities to be deduced from experiment to
confront predictions based on weak Intcraction theory, The purpose of
the present study is to examine the extent to which they can be determin-
ed on the bhasis of the existing cexperimental information and the avail-
able calculations,

Calculations of low-cnergy p.ve observables have been carried
out using directly the p.ve. NN potential and assuming a model for the
short dilstance behavior of the strong NN intcrdction3), or in an approach
plonecred by Desplanjues and Missimer3), which starts from an effective
two-body potential jparametcerized in terms of the p,ve. NN coupling con-
stant and the 5 zero-cncrgy NN scattering amplitudes for SP transitions,
and whirh thercfore incorporates the effects of the short range behavior
of the stroug NN interaction. In this paper we shall discuss the impli-
cations of the MM calculatlons,?) Among complex nucleil, calculations
which start from the p.v., meson=-exchange potential have been carried out
in sufficient generality only for 18F, 19F and 21Ne. We note that pre-
dictions for these nuclel differ considerably from those of DM, pointing
to the neced for further theoretical work. A discussion of the implica-
tions of these differences will bce postponed to Ref. 6,

Desplanques and Missimer presented results for 10 p,v. obser-
vables In terms of thedr 6 parameters.’) To relate the DM parameters to
the NNM coupling constants, we uscd the calculavlons of McKellar and
Lnascy,a) assuming the Redid--Pieper soft core potential for the strong NN
interaction, Since this relactionship maps 3 isovector NNM coupling con-
stants (p1, w3, and pt) into two AI=1 S=P rransitien amplitudes, there is



one linear combination of the NNM constants which remains undetermined.
ByNN» Which 1s not well known, has been left as a free parameter. For y
the "canonical" value-,12 had to be used since it 1s incorporated in the
calculations of Ref., 3. We took gpNN = 5.4 and up = 3,7.

The goal of our analysis is to detcrmine values or bounds for
the p.,v. NNM coupling constants from consistent subsets of data, with no
a priori assumptions on their possible sizc, and with constraints imposed
as discusscd below. Thus the ideal choice of the parameters to carry out
the analysis would be the linear combinations of the NNY constants, whlch
are the clgenvectors of the measurement matrix., The latter are statisti-
cally independent and constraining some of them would not therefore in-
fluence the values determined for others. On the other hand, the cigen-
vectors of the measurement matrix involve in general NNM constants corres-—
ponding to all isospin components of the p.v. Hamiltonian. As it is of
intcrest to scek Information on quantities associated with the individual
isospin compnnents, only those orthogonal transformations of the scven
NNM constants werc admitted which do not mix the subspaces corresponding
to diffcrent values of isospin. In addition, we have also separatced the
P.Ve NNT coupling eonstant from the I=1l vector meson ones, becausc its
contribution to the p.v. obzervables 1s free of the uncertainties in the
short=dlstance behavior of the strong NN interactlon. The resulting lin.
combinations, determined using the mecasurcment matrix of all 10 data are
Tyy P2, Ao = —.6500 + .76pa, By = 7680 + .65p0, Ay =~.683; - .69,
-.22pF, B = =.390; + .61p; -.69p) and Cy =~ -,620; + .39p; + .68pT, where
Bo,1 ~Wo,1 gm“N/g NNe Inspection of the cigenvalues shows that Ap(A) is
betiter determined than Bo(B;) and identifled C; as the undetermined com-
bination. When fewer data arc included, Ag(\:1) will still be better de-~
termined than Bo(B1), since the coefficlents of the latter are small in
monit of the observahles.

It has proven useful for discussing the consistency of the data

to dixidc them Into the fnl]owiﬂg four groups: (A) = p,v. effects in 18F,

F, pp scattering, i60 and in ntp -> d+y; ‘B) = circ. polarization in
21Ng. (C) = circ. polarization in n+p = d+Yy and (D) = circ. polarlzations
in 41K, 1751y and 181Ta, The results of various fits arc shown iIn Table
1.8) The following conclusions can be drawu: 1) Consldering the group
(A) alone, the additional parameter, which is undetermincd turns out to
be approximately equal to Bp. Inspection shows that B; can be neplected,
as long as |B1| < 100, The resulting 4-parameter fit shows that sct (A)
does not require and I-1 or I=2 p.v., interaction., The data can be cx-
Plained by once isoscalar parameter, a one paramcter flt ylelding Ag =
2,2 + ,2 (X* = 0,9/5-1). At the same time, the heavy elements (sct D) ate
predicted to have the ripght sign and be about a factor of two too low in
magnitude. The above value of Ag is fixed by the 169 experiment and con-
scquently it 1s subject to the uncertainties In the corresponding calcula-
tions., 2) Inclusion of the ecire. polarizatlon in ntp = d+y leads to a
good X2, A large value of pz 18 required, as suggested flrst by
McKellar.9) Provided that |Be| < 800, there 1a no way to explain
this experiment without a large p2. The large value of p; induces in turn
a large A; (to cancel the effect of p; in A ) and an appropriate fy (to
cencel the effect of Ay in 18F), 3) The ka to (A) + () gives casen-
tially the samc results as the fit to (A) + (C)., However, here the ovi=
dence for a larpz 2» must be viewed with caution, since it depends on the
precise quantitative correetness of thc nuclear stracture calculation for



the heavy elements and/or for 160. 4) 21Ne is inconsistent with (A)

(x? =21/6-4; ¥ = 7.7/6=5). The iitted value of 160 1s tovo small by ~3
standard deviations and ihe fitted value of 2lNe Is too large by ~3
standard dcviations, 5) The fit to all data cxcluding 21Ne has a margin-
ally acceptable X° and leads to values of Ag and L, consistent with goner—-
al theoretical expectations and 1n particular with the bounds predicted

by Desplanques, Donoghue and llolsteinl®) in a quark-model npproachll)uuw-
ever the required value of p2 (and probably also of A;) secms to be too
large to be understood in terms of the weak interactions. As discusscaed
before, this last statement becomes serious only if the result for the
circ. polarization in n+p - d+y is confirmed. 6) There exists a good

Table 1. Summary of Least Squares Fits to Subsets of Experimental Data.
M(M) is the nurber of measurements (adjusted parameters)
included in the fit.
P 1s the probability that a value of € larger than the quoted
one will occur through random fluctuations.

gzta A A+C A+C A+D A+C+D A+C+D
xe/M-N  .07/5-4 0/6-6 1.9/6-4  8.0/3-4 6.2/9-6 8.2/9.4
P 80 .- - .33 .09 .10 .14
Quality Good =« === == Good Marginal Marginal Marginal
Ay 2.2(.2) -1(13) 2.2(.2) 2.2(.2, 1.50.5) 2.2(.2)
By < 260 -4300(14000) < 190 < 260 -810(570) < 230
M 4(18) 390(1100) 27(10) 26(12) 50(22) 30(9)
B, 100 2100(7700) < 40 < 50 240(180) < 40
T, -.6(2.1) -330120) -2.9(1.1) -2.7(1.3) -4.201.8) -3.2(1.0)
Py 4(15) -170(€40) 20(8) 20(9) -10(25) 24(7)

2-parameter fit to sct (A) which includes f_, 1f one sets the followiug
bounds for the other paramcters: |Ho| < 180, |B1| < 22, lA;l < ,9 and
Ipzl < 9., These are conslstent with those glven in Ref. 10 for both the
Cabibbo model and the Weinberg=Salam model, provided |p¥| < 4 (with
szN/gpNN < 2 assumed). For this hypothesis we find X2 = 0,9/5-2 and

Ao = 2,2 4,2, ?ﬁ = 0,02 + 0.09, These values of Ap and F.,r fall withln
the predicted bounds of Ref, 10, but lead to predictions for the p.v.
obscrvables in group D vhlch agree with experiment only within a factor
of two., The clrcular polarization in ntp -* d+y 1is uncxplained.

The above results refer to the Reid-Pleper soft-core potential
assumed for the strong NN interaction. We have also investigated the
effects of using Instcad the expresslons for the DM parameters calculated
with the super=-soft core potential of CGogny, Pires and deTourreil.3) we
find that the quality of the fits remains esscntinlly unchanged, the only
cffect being the decrease in magnltude of the p,v. vector-meson coupling



conatants by about a factor of two. As expccted, the value of ?ﬂ is not
altercd,

®
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